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PREFACE

This final technical report covers the work done under
contract No. F33615-77-C-0030 sponsored by the the Air Force
Systems Command, U.S. Air Force, Brooks A.F.B., Texas,
entitled "Wide Angle, Color, Infinity Optics Display"”.

The technical contractor monitors were Arthur T. Gill
and G. J. Dickison from H.R.L., Wright Patterson A.F.B., Ohio.
The project engineer responsible for the program was

Edward Rossi.

The holographic research and development was directed

and carried out by Jose R. Magarifios in collaboration with
Daniel J. Coleman, and the technical .s3is' <nce of William
Marshall and John Andres.

A contributor to this program was Martin Shenker as

chief optical designer.
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SECTION I

INTRODUCTION

General

The Air Force Human Resources Laboratory has estab-
lished a program which provides for the design, development,
and fabrication of advanced training simulation systems for
use in establishing pilot training requirements.

The Pancake Window has served as the basic optical
element in the visual system of two such advanced trainers,
namely the Advanced Simulator for Pilot Training (ASPT) and
the Simulator for Air-to-Air Combat (SAAC).

While both of these systems were highly successful
from a performance standpoint, the considerable weight and
high manufacturing cost of the multiple Pancake Windows
employed were objectionable characteristics worthy of further
investigation. The substitution of holographic elements
to overcnme these objections was undertaken as the next
logical step in the further development of the Pancake Win-
dow infinity display system.

In successive programs, holographic optical elements
replaced classical optical elements to produce first a
single unit monochromatic holographic Pancake Window and
later a mosaic of three holographic Pancake Windowsopfoi
viding a continuous horizontal field of view of 120 .7’

Specifically, a costly and heavy spherical beamsplitter
glass mirror was replaced in the Pancake Window configur-
ation by a flat, light-weight, and potentially low cost
holographic spherical beamsplitter mirror. These initial
holographic mirrors have a monochromatic response, and con-
sequently the resulting holographic Pancake Windows do not
have a full color visual display capability.

To further develop the holographic Pancake Window ap-
proach, the program which is the subject of this report was
established. This program calls for the development of a

NOTE: "Pancake Window" is a registered U.S. Trade Mark.
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tricolor holographic beamsplitter spherical mirror with full
spectral resovonse. This holographic mirror is to be assem-
bled in a tricolor holographic Pancake Window to provide
full color visual display capability.

Background

Classical Pancake Window

The Pancake Window visual display system is an in-1line,
compact, infinity display system with the advantages of us-
ing only reflecfive optics and providing very large field-
of-view angles. It consists of two linear polarizers,
two quarter-wave plates, and two beamsplitter mirrors ar-
ranged as illustrated in (Figure 1l). Each linear polarizer
with its adjacent quarter-wave plate forms a circular po-
larizer. One of the beamsplitters is a spherical beamsplit-
ter whose focal plane is folded by the other beamsplitter
which is a plane beamsplitter. Light that originates in
the focal plane of the spherical beamsplitter becomes col-
limated upon reflection from the beamsplitters, and con-
sequently, the information displayed at the focal plane will
be displayed at optical infinity when viewed throuah the
Pancake Window. Because it uses beamsplitter mirrors, part
of the light may be transmitted through the Pancake Window
without being reflected by the beamsplitter mirrors. To
avoid the direct transmission of the light, the Pancake Win-
dow uses a system of linear polarizers and quarter-wave
plates.

As is schematically represented (Figure 1), unpolarized
light reaching the Pancake Windcw becomes linearly polarized
going through its first element, a linear polarizer. It
then will go through the spherical beamsplitter and through
the first quarter-wave plate where it will become circularly
polarized. It will be partially transmitted and partially
reflected in the plane beamsplitter mirror. The light that
is transmitted becomes linearly polarized again going
through the second quarter-wave plate and it is "crossed"
or absorbed by the last element, the second polarizer whose
axis is rotated 90° with respect to the first linear polar-
izer. The light that is reflected in the plane beamsplitter,
being circular, suffers a change in handedness upon reflec-
tion, and when it becomes linear after goinag again through
the first gquarter-wave 8late, it will have its plane of
pelarization rotated 90  with respect to the light that was
transmitted. Upon being reflected again at the spherical
beamsplitter, it will reach the last polarizer with its plane
of polarization not crossed but parallel to its linear axis,
and consequently, this light will be transmitted by the
Pancake Window.

*See AFHRL-TR-~75-59(VI) for a detailed description.
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An observer viewing through the window sees an image
at infinity focus of the object placed at the focal plane
of the spherical mirror. The vpolarizing elements prevent
direct perception of the image source. The Pancake Window
is operating then as an cn-axis, in-line magnifier lens, and
acts as a reflective rather than a refractive system. This
arrangement permits the design of the very fast systems
which are practically impossible to design using refractive
optics.

A typical Pancake Window Infinity Display System has
the following characteristics:

1. 36 inch eye relief for an 84° total field
allowing 12 inches of head motion (pupil volume) around the
center of curvature of a 48 inch radius miiror.

2, The focal length would be 24 inches and the over-
all thickness under 12 inches.

3. Maximum decollimation would be 9 arc minutes over
any head motion and field angle.

o 4, No chromatic aberrations or distortion over an
84~ total field where the only significant aberration is
the spherical aberration.

Multiple Pancake Window units are butted together and
can produce a 360° field-of-view system. A dodecahedron
configuration using pentagonally shaped Pancake Window
systems has been used in the ASPT and the SAAC.

Holoyraphic Pancake Window

The holographic Pancake Window system operates in a
manner similar to a standard Pancake Window system in which

the glass spherical beamspl’ - ~'aced by a
holographic optical element B .awe oOptical
characteristics recorded in v ...... and flat gelatln
film. The HOE is not work’ o reflectiov bk - ~
tion, and consequently, dc Lot o DT Tt
and not spherical. This - T ‘ ;

Pancake Window to be -
all of its elements b
sical Pancake Window,
due to the curvature

One drawback of using HOEs is that the substrate sup-
porting the holographic films produces unwanted reflections,
usually of different magnification, which deteriorate and
interfere with the viewing of the principal image.

This effect does not occur in the Pancake Window
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configuration in which the holouraphic substrate is optically
cemented (with an index of refraction match) and the circu-
lar polarizer confiauration eliminates surface reflection.

A particular characteristic of the holograrhic Pancake
Window 1s that its spectral reswvonse corresponds to the
svectral response of the holoaraphic spherical beamsplitter.
The holographic mirrors produced prior to this program were
moncchromatic and match the spectral response pecak of the
cathode rav tubes (CRTs) input phosphors,

Holographic Spherical Beamsplitter Mirror

A hologram is the recording of the intensity and phase
characteristics of two wavefronts of radiation. It is re-
corded as intensity variations of the interferogram pro-
duced by the interference of said wavefronts at the re-
cording plane, and after being processed, if properly il-
luminated, will reproduce the original wavefronts by a
process of diffraction.

The holograrvhic recording material can be modulated
only at the surface (vlane holograms) or throughout its
volume, (volume holoarams) or can be modulated by phase or
absorption.

The holograms used in the holographic spherical beam-
splitter mirrors are of the volume-phase type. The material
to record these holograms is gelatin film photosensitized
with ammonium dichromate.

The process is as follows. A gelatin film is hardencd
to the point at which it just becomes insoluble in water
at normal room temperature. The film is photosensitized
with ammonium dichromate and upon exposure to liaght becomes
slightly harder in areas where the absorption of the light
was greater. After the dye is washed out and the film swelled
with water, it is dehydrated ranidly. The dehydration and
dryving create strain arecas and material modificaticns in the
volume of the film with local changes in its index of re-
fraction. This index of refraction modulation produces a
diffraction, three-dimensional cratina which is the holcorarm.

To produce a spherical mirror holographically, the il
in which the holoaram would be recorded should be 1illumin-
ated by two wavefronts, each oriainating in point sources
coincident with its focus. Since a sphere has the twoe fooy
coincident at its center of curvature, to produce a helo-
araphic svherical mirror, two wavefronts are used, one
emanatinag and the cother convergina at the same point which
will become the conter of curvaturce of the holograrhic
spherical mirror (Ficure 3),

@
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wWhen the holographic mirror is illuminated, it will
diffract light. The diffracted wavefront will have similar
characteristics to those of a reflected wavefront from a
classical mirror. If the hologram diffracts all of the
incident light, 1t will be equivalent to a total reflecting
mirror. 1f only part of the light is diffracted by the holo-
graphic mirror, it will be equivalent to a partially reflec-
tinag mirror or beamsplitter mirror.

The holographic beamsplitter mirrors are reflection
holograms, which typically have a relatively narrow band
wavelenath resnonse., These are the so~called monochromatic
hologravhic beamsplitter mirrors that have been used in the
monochromatic holographic Pancake Window. The efficiency
ot this mirror (as related to the holegravhic Pancake Win-
dow transmission) 1s very high when used with monochromatic
sources such as some of the very narrow band CRT phosphors
(Figure 4). When used with white light (broad band) sources,
the efficiency 1s low because of the mirror's chromaticity.

Tricolor Helographic Spherical Beamsplitter Mirror

A tricolor holoaravhic mirror is a composite of three
holographic mirrers, ecach having a monochromatic (narrow
band} respense and a focal length which is identical at the
peak wavelenath response of each holoaram. The spectral
distribution resvonse of these three holograms can be se-
lected to produce a wide band spectral response with little
overlap between monochromatic responses. The three mono-
chromatic holoarams can be recorded in the same film or in
different films and can be assembled onto a commen film sub-
strate or on separate substrates.

Preject FEvelution

I specific annlications HOEs should conoet. favorably
with jlenses and mirrors, and as mentioned before, in the
Parncake Window conflauration a hologranhic solborical bear -
splitter could reduce drastically the produccion cost oand
L wel tht o Gl v e westom, '
anifleant breakthrouch achieved in this field was
e dln=loogse credhiot b of Binloaranhiico films with o overall
oAracterl st ion sunertor too rhose of  copmercially availabloe
frle=.  The bs Toprent of rhnse Ciips (amroniur dichromate

rhetosensrt et e lat s rone T1Im) Ted te the production of
Pave =rndoeces S bieirars wr s g i ffraction of ficioney close
feoo U0t neer et vl e cbaseyerab e seatterinag, . The canabil -
vty f prodorny Crdn o e sive 1n the Iaboratorys alse
ColrTmianates bl e gt tiens impesed by o havinag to de-
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To evaluate the optical performance of holographic
elements which could be used in the Pancake Window infinity
display system, a 17 inch diameter holographic spherical
beamsplitter mirror was produced and a Pancake Window as-
sembled using this hologram as the spherical beamsplitter
element.

Also evaluated were the performance of a high power
continuous wave (c.w.) argon laser with regard to its suit-
ability to the fabrication of the HOEs; and the adequacy
of the existing holographic facilities. New techniques
applicable to the various steps in the preparation of the
holograms were also developed and evaluated in the course
of this effort.

The use of multiple holographic Pancake Windows in a
single system was next investigated as part of this continu-
ing develooment.

Holographic Pancake Windows were evaluated not as single
elements but in a mosaic of three units butted edge to edge
and with a dynamic imagery display which could be driven
across all three windows. There was also a continued effort
to improve the quality and repeatability of the holograms
as a result of what was learned in the fabrication of the
17 inch holographic Pancake Window and subsequent developments™.

Prior Project Analysis

The performance of the 17 inch hoiographic Pancake
Window manifested a series of defects and inconsistent re-
sults which were not quite understood. Consequently, an
in-depth analysis was started which concentrated particularly
on two areas:

1. the origin and possible elimination of ghost images,
and

2. the influence of the control of environmental
parameters on the quality and repeatability of the hologram.

Successfully completed, this study revealed the new
holographic ghost images were not inherent to the hologra-
phic system but were caused by internal reflections during
the construction of the hologram and by overly high values
in the diffraction efficiency of the holographic beamsplitter.
Consequently, these ghost images were eliminated by incor-
porating a wet cell in the hologram construction geometry
and by controlling the diffraction efficiency to values not
higher than 50 percent.

The study also indicated the need for a clean room
environment for the production of the hologravhic film and

10
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holograms and the necessity for control of temperature and

humidity throughout their processing to achieve higher

guality and repeatability. As a result, new holographic

laboratory facilities were built which provide a clean room

environment of "10,000" quality ("100" guality for film

coating) ; humiditx control to +1 percent and temperature ]

control to iO.SOC .

The 17 inch holographic Pancake Window program also pro-
vided valuable information relative to the capability and
performance of the high power c.w. argon ion laser for
construction of the holograms, and the need for monitoring
the oscillation stability of the laser and the vibration
stability of the holographic recording geometry.

Implementing the wet cell in a previous project re-
vealed difficulties in attaining the required stability.
The wet cell, which was to contain a 24 inch by 21.5 inch
holographic plate, was redesigned several times before a
configuration was found which was relatively insensitive
to acoustical and mechanical vibration disturbances. With
this wet cell, exposures of more than 20 minutes duration
were achieved with good results.

This prior project raised the problems of holographic
wavelength bandwidth response, wavelengtn spectral peak
positioning stability, and shifting which were not formally
considered before. The spectral response of the hologram
should match the spectral response of the illumination
source if a maximum transmission efficiency in the hologra-
phic Pancake Window is to be achieved.

It was found that the holographic spectral response
shifted with time to lower wavelengths (toward the blue)
if the hologram was not properly sealed, and it also shifted
with angles of incidence or large field-of-view angles.
This spectral shifting renders more difficult the precise
wavelength peak response positioning than is necessary if
narrow spectral band illumination sources are to be used.

Techniques were developed in which holographic wave-
length peak response positioning was accomplished to +2
nanometers (nm). The spectral respcnse shifting with time
was controlled with proper hologram drying and subsequent
sealing to exclude humidity with a cover plate or by cemen-
ting the hologram into the Pancake Window configuration.
The spectral shifting with angle of incidence and/or field-
of-view angle, if not possible to eliminate, can be ignored
if a wider spectral illumination source is used or if the
shift is averaged with respect tc the peak of a narrow spec-
tral band source. However, a wider spectral source will
decrease the peak light transmission.

*See Appendix A.
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With the new holographic facilities, holographic films
were coated with very good flatness and uniformity. The re-
peatability of the entire holographic process became excel-
lent. The environmental controls provide the necessary
means for holographic parameter evaluation and process cal-
ibration. 1In this program, the requirements for producing
holograms entirely free of cosmetic defects were investiga-
ted and some blemish-free holograms were achieved experimen-
tally. These techniques were not implemented in the final
product because program limitations gave priority to more
meaningful parameters.

The optical resolution of the holographic beamsplitter
mirror is excellent on-axis but deteriorates for off-axis
angles or large field-of-view angles. This deterioration
is not an inherent limitation of the holographic process
since good off-axis resolution could be observed in selec-
ted areas across the entire field of view and at the ex-
treme angles. This problem was investigated but a complete
solution has not as yet been developed.

Summarizing

Programs prior to this project have investigated tech-
nologies to produce holographic optical elements, specif-
ically holographic spherical beamsplitter mirrors. Problem
areas were found which were resolved and the holographic
process was developed to prove the feasibility and perform-
ance of monochromatic holographic beamsplitter mirrors, in-
tended primarily as replacements for the classical spherical
beamsplitter glass mirror in the Pancake Window Infinity
Display system. This replacement accomplished a consider-
able reduction in the weight and should eventually reduce
the manufacturing cost of visual simulators using the
Pancake Window Display system.

The monochromaticity or narrow spectral bandwidth re-
sponse of a monochromatic holographic mirror, although ac-
ceptable for particular applications, does not provide a
full color display capability.

Project Scope

The goal of this project is to produce a holographic
spherical beamsplitter mirror that could be used in the
Pancake Window Display system to provide a full color re-
sponse for visual simulation.

Since monochromaticity is a characteristic property of
this holographic mirror, it was decided not to change it but
to increase the spectral bandwidth response by means of a

12
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combination or coupling of three single monochromatic holo-
aqraphic mirrors.

These threce monochromatic holograms, one peaking in the
blue, another in the green, and another in the red, are
equally spaced under the photopeak spectral visual distribu-
tions. The spacing is such that the sum of the three mono-
chromatic spectral distributions provides maximum spectral
coverage without producing detectable crosstalk between them.

The holograms could theoretically be manufactured in
the same holographic film or as separate holograms. The
approach followed in this project was to manufacture a)

a blue hologram using the 488.8nm laser linc of an argon laser
with a spectral response peak at 488nm and with a spectral
half-height bandwidth of 30nm; b) a green hologram using

the 514nm line of an argon laser, with a spectral response
peak at 550nm and with a half-height bandwidth of 30nm; c)

a red hologram using either the 514nm line of the argon ion
laser or the 647nm line of the krypton laser, with a spec-
tral resvonse peak at 620nm and with a half-height band-
width of 30nm (Figure 5).

These holograms were to be assembled preferably with
the three helographic films at the same plane, and con-
sequently, they would have identical focal lengths to
form the composite holographic beamsvlitter mirror.

The assembly of the holographic films at the same vplane
was to be accomplished by a film transfer technique in which
one of the films is "peecled" from its alass substrate and
ovtically cemented to one of the other two holoarams.
Finally, the hologram with the two films and the hologram
with the single film were to be cemented together film-to-
film (Figure 6).

The focal lenath of each holographic mirror is a func-
rion of the construction aeometry (Figure 3) and of its

spectral resnonscoe.

Since it "reflects" by AdAiffraction, these parameters

arc related bv:
: _Pr _ R { C
f'2’2"‘]{'7
wheoroe:
f = Focal lenath of the holoaraphic mirror for the

illuminating wavelenath.

Rr = Radius of curvature of the holcocararhic mirroer
for the illuminating wavelenath.

Rc = Radius of curvature of the holographic mirror
v the construction or laser wavelenoth., Also distance
beetweon the spatial filter and holographic plate in the
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construction ageometry,

A ¢ = Wavelenagth used durinag the construction of the
hologram or laser wavelength.

A r = Wavelength used in viewing the hologram or
spectral wavelength peak response of the holouraphic nmirror.

A variation in the spectral response will cause a vari-
ation in the focal lenath of the monochromatic mirror and
a mismatch with the others in the compasite mirrcr. Con-
sequently, the positioning ¢f the spectral responsce peak
and the control of the swectral responsce shiftinag are fund-
amental in this broject.

The production of a hologravhic beamsplitter with 2
red response had been ovreviously accomnlished but not by
design. The controlled oroduction of a red resoonse holo-
graphic beamsplitter was also a specific task of this nro-
ject. (Holograms desianed to have a resnonse in the areen
had been previously obtained with an unwanted red roesuense,
probably due to a faulty prevaration of the golatin f1im.)




SECTION II

INVESTIGATION AND DEVELOPMENT OF HOLOGRAPHIC
MIRROR RESOLUTION AND SPECTRAL RESPONSE CONTROL

This project encompassed the fabrication of a tricolor
holograrhic mirror as a composite of three monochromatic
holographic mirrors and the evaluation of its performance.

The production of a blue and a green hologram has
already been accomplished but further development was nec-
essary in the areas of holographic mirror resolution and
in controlling the spectral response of these holograms.
These holograms should spectrally peak at a specific wave-
length and not shift or change their spectral response. The
tolerances are small since a change in the spectral response
will cause a change in the focal change of the monochro-
matic holographic mirror and consequently, a mismatch of
this mirror (in focal length) in the tricolor composite
mirror.

The optical resolution of the holographic mirror de-~
teriorates, generally, but not always, with off-axis angles
or large field-of-view angles. Experimental data seem
to indicate this deterioration is principally caused by
defects in the hologram itself and not by a limitation in
the holographic geometry (holographic optical aberrations)
or in the holographic basic process.

Several theories have been formulated and investigated
to find a solution for these problems.

Resolution Improvement

The optical resclution in the monochromatic (blue and
green} holographic spherical beamsplitter mirrors had the
following characteristics:

1. On-axis resolution is as good as 1 minute of arc.

2. Off-axis resolution does not generally deterior-
ate if the eye position is shifted so that the line-of-
sight passes through the center of the mirror for any
viewing angle.

come wwaoare . TECL




3. Off-axis resolution generally deteriorates with
increased angles when viewed from the center of the exit
pupil.

4. 1In selected areas across the entire field of view,
the resolution is as good as that on-axis for specific
viewing angles and head positions not necessarily in the
"pupil" volume.

5. 1In select areas, and even at the extreme field-of-
view angles, the resolution is as good as that on-axis when
viewed from the "pupil" volume.

6. Areas of bad resolution (and good resolution) seem
to be associated with an "optical texture" of the hologra-
phic film.

Five hypotheses were considered to analyze this
problem:

1. Angles of holographic reconstruction depart
greatly from angles of holographic construction (Bragg
angle).

Because of the discontinuity in the deterioration
of the resolution, this hypothesis assumes the possibility
of an aspher:.sing effect caused by distortion of the planes
of diffraction in the good resolution areas.

2. The holographic film, in the swelling process,
discorts the planes of diffraction in a random manner most
likely associated with cosmetic defects and variations in
the physical characteristics of the films.

3. The holographic film, in the swelling process, is
affected by a radially directed strain which will deform
the planes of diffraction.

‘ 4. The holographic film is not uniformly hardened
k and during the holographic process some areas on the film
are distorted or will have different holographic responses.

5. Non-uniformities of the illumination during the
construction (exposure) of the holograms could produce dif-
ferent hardness on particular areas of the gelatin film. ;

Four experiments were conducted:

a. Holograms were produced with different geometries.
Different holographic spherical mirrors, paraboloids, el-
lipsoids and spheroids were made and compared for optical :
resolution.

The gross change in resolution from area to area
in the holographic film was observable in all the mirrors




and no specific improvement could be related to a particular
geometry. No distortion related to a particular geometry

or to an aspherising effect was observed. The changes in
the geometry were produced by varying the distance between
spatial filter and aluminized master mirror from the focus
of the mirror (to produce a parabola), to a distance be-
tween the focus and the center of curvature (to produce an
ellipse) to a distance equal to the center of curvature (to
produce a sphere) and to a distance greater than the radius
of curvature (to produce again an ellipse). Holograms were
also produced distorting the illumination wavefront slightly
with a cylindrical lens.

b. A large number of holograms produced before this
contract were analyzed for common characteristics related
to resolution or the lack of resolution. It was recognized
that old gelatins and old photosensitized gelatins gave
better hologram resolution, that slow-dried gelatins gave
better resolution than fast-dried gelatins; and that those
gelatins requiring chemical hardening to remove scattering
due to gelatin cracking had better resolution than those
gelatins not subject to chemical hardening (Table 1).

A unique characteristic of each of these gelatins
having superior resolution was their relative hardness. &a
gelatin's age, whether photosensitized or not, will affect
its hardness®; a 2-month-old gel will have more rigidity
than one that is a day old. An old photosensitized gelatin
will have been subjected to a dark reaction, hardening the
gelatin and lowering its sensitivity to light. Those gel-
atins dried slowly are harder than those dried quickly due
to a longer period of a gelation allowigg more crosslinks
to be formed between gelatin molecules. A chemical hard-
ener, e.g. bisulfate, will react with the ammonium dichro-
mate sensitizing dye to also form crosslinks.

Any or all of these processes will yield a harder gel-
atin and a hologram with better resolution due to gelatin
integrity not allowing the planes of diffraction to deform.

i To prove this, the gelatins for subsequent holograms were
prehardened. This resulted in better resolution in those

\ holograms but lower emulsion sensitivity to light. (There

is a trade off between gelatin hardness and plate sensitivity.)

It has not as yet been determined in which steps of
the holographic process the film needs to be further hard-
ened or it a new film formulation will be required. Also,
it has not yet been proven that the hardening parameter is
the single cause for the deterioration of the resoclution.

c. To study the possible effects of radial strain and
deformation of large plates during the swelling of the film,
the film in the large size holograms was cut in successive
circles from the center of the plate outward. Radial cuts

19
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TABLE 1 - RELATIVE RESOLUTION VS.

GELATIN HARDENERS

Holograms | Relative [Resolution
Produced in/with Superior Poorer
Aged gelatins X
Aged photosensi-

tized gelatins X
New Gelatins X
Fast Dried Gelatins X
Slow Dried Gelatins X
Chemical after
hardening X
Chemical pre-har-
dening X
No Chemical hardenind X

20




crossina the circles were also made.

These holoarams were exposed and processed together
with other holograms with similar film characteristics but
without being cut. The compa:riscn of these holograms pro-
duced no evidence of strain or deformation caused by ra-
dial forces durina the swelling of the film., Nor was there
any improvement in resolution correlated with the holograms
on film which had been cut.

In a similar experiment, small holoarams were simul-~
taneously expnosed side by side simulating a large size hclo-
gram. The comparison of this composite hologram, after pro-
cessing, with a large holoaram revealed no sianificant
difference.

d. To produce a uniform illumination, swvecial optics
for expanding the laser beam werc desianed and manufactured.
These optics consist of a Galilean telescope which will col-
limate an expanded laser beam, transmitting or.ly the most
uniform part of the beam's Gaussian intensity distribution,
with a variation not greater than 50 percent from the center
to the edage. This telescope will also minimize later dis-
placement (of the focused laser beam) associated with dif-
ferent modes of laser oscillation.

The implementation of these optics improved the quality
of- the holograms and the resolution but is not the comnlete
solution of the problems.

It is generally concluded that the hardness parameter
is most closely related to resolution and that its com-
vlete control could solve the resolution ovroblem. However,
a process which totally eliminates the resolution deteri-
oration has not yet been found or formulated. The improve-
ment achieved thus far is notable, and it exrected that
additional development work will achieve a comnlete sclution
of the problem.

Spectral Response Control

To be successful in the preoduction of the t:p00§ oy
holocram, the spectral reswonse of eoach of the *thyo o o -
chromatic holoarams must be contrelled., The following -
aquirements anply:

1. The monochromatic holomrarm bl veerg -0ty
desinned wavelenath and should oeak ot o ool oty
restonding toe the focal lenath caloeulared wis i e o o=
ticn geeometry.  The wavelenath ek cosition toloranac

should be better than +2nm.

2. The position of the monochromatic hologram spectral




response veak should be stable and no wavelength shift willd
be allowable,

3. The wavelenath shift with angles of incidence and
field angles should not produce a chanage in the facal length
with different values for cach mirror,

To test and further development the positionino
of the wavelenqgth response peak, the followina arcas were
investigated:

1. TFilm hardness: It was established that the hard-
ness of the film will determine the final stable position
of the hologram reswonse. Those holograms whose gelatins
were harder due to chemical hardenine after exvosure had
a lower peak wavelength resnonse than those not chemically
hardened (Figure 7).

2. Use of plasticizers: If the hologram was processd
with triethanolamine or some other plasticizer was incor-
porated in the gelatin, then the acelatin's final state will
be swollen beyond its normal thickness causina a larqger
separation of the planes of diffraction. This 1ncreased
separation will cause the peak wavelength responsc to be
displaced to a longer wavelenath (Fiaure R8).

3. Effect of water retention of gelatin: 1t was seen
that if the aelatin was exposed less than 24 hours after
photosensitization, the final peak wavelenath response would
be lower than if the gelatin was exrosced some longer time,
e.g. 20 days, after nhotosensitization. This dryina out
of the gelatin will causc the peak wavelenath response to
be approximately 20nm higher than if the gelatin were not
allowed to dry out. The water content of the agclatin film
as a function of the environmental humidity in the drving
; and storage of the film before it is oxposced, has a notico-

able effect in the position of the spectral peak (Fiqure 9).

l To achieve a hologram whose peak wavelenath response
would not shift over long neriods of time, the following
areas were investiagated:

1. Fffect of dryinag speced on spectral shift: Holo-
grams were dried at various rates after nrocessing by ad-
justine the environment with reaard to relative humidity
and temperature. It was found that recardless of rate of
dryina, the holograms reached a spcocific peak wavelength
response.  This peak responsce was only a factor of gelatin !
processing prior to or after cexnosure., A hulnugdm dried in
a high-temperature low-humidity environment, 50 C and 20
percent relative humidity (R.H.}, would reach a stable veak
wavelength response in approximately one dav, while a holo-
gram dried slowly at a hicher relative humidity, o.a. 45
percent relative humidity, would shift slowly ovor
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avproximately two weeks to the same final neak wavelenath
response (Fiaure 10).

2. Effect of relative humidity on holoagram: It was
found that a holooram's meak srectral response, if it is :
not sealed, would vary from its final "stable" position i
dermending on either water absorntion or dehydration due to
1ts surrounding environment. The amount of shift was re-
lated to the hardness of the gelatin since water absorntion
is dependent of gelatin hardness. For example, a nlate re-
moved from an environment of 35°C ~nd 20 percent R.I. and
placed in an environment of 22°C and 30 percent R.H. showed
a peak wavelenath response increase from 537nm to 544nm,
(Figure 11).

BRI R

3. FEffect of sealina the hologram with various cements
on final peak wavelenath resnonse and shift sveed: Holo-
arams which had reached their stable spectral resnonse and
were then sealed with a layer of cement, or cement and a
cover glass, remained at that neak spmectral resnonse. If
the hologram had not been properly dcehydrated and was
sealed, a shift in wavelenath would occur very slowly to

some final wavelength resmonse. This shifting may take
six months, for example, denendina only on how dehydrated
the gelatin is when it is sealed. The amount of shiftina

which will occur cannot be accurately nredicted, so holoarams
should be sealed only after they reach their stable neak
wavelenath response (Figure 10).

The cements used were a pottinc compound, a4 nolyester
castinag resin, and two nart cnoxv.

In order to detcrmine the shift of the wavelenath
resnonse peak with field-of-view anales, holoarams were
measured with spectral responses in the blue, in the areen
and in the red.

The holoaraphic wavelenagth shift with respect to field
ancles seems to be independent of the spectral resnonso
peak and only dependent on the value of the anale. This
result is not totally conclusive since inconsistencies have
been noted which have not yet been completely analyzed
(Figure 12).

The wavelenath shift (even indencndent of the holooram
response) will affect the focal lenath of cach holoaram !
with factors which are denendent on the construction-recon-
struction wavelenaths ratio. This nreblem alse has not vet
heen completely analyzed.
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2
had already been investigated by other rescarchers”, the ox-
vected results for thig particular holographic geometry were
completely uncertain.

Note that a ruby laser or a vttrium aluminum aarnct lasecr
could also be used to produce a red hceoloaram. These arc
nulsed lasers which ideally would be more desirable 1f they
have the nower roequired to exrose the relativelvy slow am-
monium dichromate gelatin films. Considering the power of
a commercially available ruby laser at 10 joules (J)/pulsc
and considering single pulse exposures, because of coherence
reauirements, the available total eneray for exposure of
the nlates would be 120 times greater with a c.w. Krvpton
laser (2 watt (W) useful nower) for an exposure duration
of 10 minutes. (Irradiated energy on the film in joules
(J) = power in watts (W) x exposure duration in seconds (t),
so that for the c.w. krypton laser, 2 watts x 600 seconds =
1200 joules compared to the single pulse 10 joules of the
pulsed lasers.

Construction of the Red Hologram with the Argon Ion Laser

Initial Results. Experiments were carried out to in-
vesticate the increase in the amount of swelling in a heolo-
graphic film when plasticizers were added in the developina
nrocess. This additional amount of swellina could pro-
duce a permanent magnification in the seraration of the
pnlanes of diffraction and consequently a hicher wavelenath
spnectral response (toward the red if constructed in the
areen) .

Holoagraphic plates were exposed with the 5ldnm line of
(~C

the argon ion laser and developed with the addition of a
nlasticizer (triethanolamine, treatment. The holoaranhic
resnonse shifted to the red and seemed initially to he stableo.
Come of the nlates werce sealed with a alass ~over vlate and
all were measured at intervels of tire +o dotoect gy 1os-
sible wavelenath shifting . r instabilit«.

It was found that the plates that were scaled remalned
in the red and shifted only a fow nanonetors but the un-
sealed holoarams shifted after a fow weeks to the vellow-
arceen roeagion of the spectrum.

The rost uncxpected probleom was the inability to re-
peat the above results, orce the existiag stock of bre-
viously coated celatin films was exhausted.,  The holocrams
nrodiuced with freshly coated aelatin films shifted to the
red when treated with tricthanolarine, buat the spectral re-
soensc shifted back to a vellow=-arcen snectral reaion in
3 {

A oriame neriod o Monrs, cven when corontod withoa cover




These results torced a re-evaluation of the problem
and experinents were planned to investiacate the parameters
whiloeh might be in“luential in the construction of the red
noloaram withy the aroon ien lascer.  Also investigated was

the construact ion of the red hologram with the krypton or
atbhopr pred-enittine ] aners,
Inveest ottt o baranetors

Vrrerlnaoo owere conducted to determine the effect of

the varicus ronaretors on the spectral shift from 5ldnm of
the construction ccometry to the 620nm desired wavelenoth
hoeloararnhic reconstruction resvonse, and also on the sta-
bility, with time, of the spectral response.

1. Effcect of agino of the gelatin film: In the at-
tempt to repeat the initial results in obtalnina a red
hologram with the argon laser, the paramcters in the holo-
graphlc process were identically repeated. One parameter,
the gelatin film, could not be repeated because the old
stock of films was depleted, and new, freshly-coated ma-
terial had to be used. To investigate the effect of old
vs. newly coated films, gelatin films were aaged by an ar-
tificial process and by a natural process. 1In the arti-
ficial process the gelatin films were baked and cooled for
several cycles. 1In the natural process the films were
stored for a period of 4 months.

The results show no direct correlation between the
age of the film and the capability of the holoaram to main-
tain red response. All of the holograms shifted back from
the red tothe green in a matter of hours.

2. Effect of exmosure enerqgy: Holoaranhic ovlates
were gxposed with different energies, from l10mJ‘cm™ to
T£m°, and the plates were developed and swelled usina
triethanolamine.

The very-low exnosure nlates produced holograms
with weak signal and/or too much scattering duec to retic-
ulation of the clatin film during dryina. The plates with
large scattering had a red response which was reclatively
stable. _Thce holoagrams exposed with densities greater than
200mJ/cm” produced red holoorams which shifted back to the
green.  The higher the exposure eneray, the faster the shift
back. The speed of shifting was constant above 500mJ /cm?
(less than one hour) (Fiogure 13).

TR T

3. Fffoct of plasticizers and hardencrs:  To verify
a possible beneficial action 1n the swellina of the gelatin
filr with the addition of nlasticizers and hardeners, ox- .
periments were carried out with different formulations. The
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plasticizers used were triethanolamine, aglycerol, and cthy-

lene glycol and they were added to the ¢qgelatin solution be-

fore the film was coated and during other steps in the holo-
gravhic process. The concentrations were also varied.

The hardeners used were formaldehyde sodium bisulfate,
sodium meta-bisulfite, methanol, and Kodak Rapid Tixer.
The formaldehyde was added to the gelatin solution before
the film was coated and the other hardeners were used in har-
dening baths at different steps during the holographic pro-
cess. Besides the chemical hardeners, the films were also
hardened by baking them before photosensitization.

The results show a general tendency of the plates to
respond in the red when plasticizers were used and to re-

spond in the green when hardeners were used. The plasti-
cizer caused the film to reticulate or to exhibit very non-
uniform characteristics., The hardeners produced very uni-

form films, relatively low diffraction efficiencies and a
spectral response very close to the construction wavelenduth
(Table 2).

4. Effects of various agelatins: Gelatin films were
coated and processed using pure gelatins of different types.
The concentration of gelatins was at a maximum when the
gelatin coated at 30 gelled as soon as it was spread on
the glass plate with a thickness of .5 cubic centimeter
(cc) per square inch. The minimum concentration was the
maximum concentration diluted four times with distilled
water. Several gelatins were used with different bloom val-
ues and acid or alkaline processed.

The holoarams produced with these gelatins pre-
sented different characteristics and did not give any pos-
itive solution for the red response. Considerable effort
was expended in maximizina the formulation of each gelatin
to improve adhesion to the substrate, hardness, sensitivity,
swelling, etc., but in gencral, not one of these gelatin
formulations could produce better results than the stan-
derd gelutin formulations which are routinely used for :he
production of the holographic films (Table 3).

5. Effect of gelatin thickness: The standard aelatin
formulation was also coated 1n various thicknesses corres-
ponding to,0.25, 0.5, 2 and 4 times the standard thickness
of .5cc/in". It was difficult to remove the photosensiti-
zing dye from the heaviest thickness but this was the onc
which produced better and more stable red response holo-
grams. Attempts to lowerthe concentration orf the dye and
to prolong the washing time were not successful, and a uvood
red responsce was incompatible with a clear plate and ac-
ceptable diffraction efficiency (Figure 14).
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TABLE = - EFFECT OF PLASTICIZERS AND HARDENERS ON THID PEAK RESPONSE WAVETENIH
S - ! R = Added Before Fxposure Responsc '
Plasticizers Hardeners b = Used Before bkxposure Pe-ak kRemarks

A = Used After Exposure Wavelenath
— ] ——— —_— ,_.__{.__ — e
Tricthanolamine | B 10, by wt. Red Hici Scat-
. terin
A 13 Yellow Good
Glycerol ' B 20% to 80w by wt. Creen-Yellow Good
Ethylere Glveol B 20+ to 80- solution Green-Yellow  Gond
Form aldd*.y.'do’ B 20% to B0“ by wt. Greoen Low D1f-
! fraction
| A 40 solution Green Normal
" Methanol f b  100% pure Film Foged
| .
A 1007 pure Green Low Dif-
fraction
Kodak Rapid b recn Low D1 €~
Fixer [ fraction
‘ A Standard [ Green No Effect
i . .
; Sodium Bi- :
csulfate A 1% solution ; Green
e |
Sodium Bi- |
sul fate A 17 solution 1 Green
and
Ammonium j
Dichromate 1% solution Green
t
*Tricthanclamine  *Chromiun
Sulfate No13%w,/2.5% to 10° sol. Creen
Tricthanolamine Chromium
Potassium
Sul fate A 13772.5° to 10 sol. Green
Tricttiamolamine T Aluminum {Surface
Sulfate A 13 to 26 sal. Red iScattering
Construction wavelenath at S1d4nm
P Aaded Before Dxposure:  Chemical added to the aelatin solution before
blate was coated,.
b Ueod Before Exbosuroe: Fitm immersed in the chemical solution
A7 bised Aftor Dxposure: Filem immersed in the chemical sclution
*The hardener solution used afteor the plasticizer solution.,




TABLE 3 - GELATINS

( Supplier Type { Characteristics

" 5247 - Pigskin Iso.5; Strength 399

B" Co. G-8

-
|
"A" Co. 1099 - Calfskin] Iso.4.7; Strength 297
|
; 275 Bloom

" G-9 100 Bloom

¢ Co. 15 CP Neutral
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6. Effects of the photoscensitization process: The
concentration of ammonium dichromate appears to have no
effect on the spectral resvonse, while the dryness of the
film (when exposed after photosensitization) scems to have
a strong effect. Plates which were nhotosensitized and
dried in a high humidity atmosphere all have a stable red
response but also reticulated and have cxcessive scattering.
Plates which werce photosensitized and dried in a dry air
atmosphere responded spectrally in the green and did not
exhibit scatterina.

Attempts to reduce the scattering in the red holograms
were partially successful in the sense that the scattering
was eliminated but the plates showed a nonuniform response
with different areas spectrally responding in the red,
green, vellow, etc.

The red response associated with high humidity in the
drying of the photosensitized plate was correlated with
holograms produced in the past, which after more than 3 vears
still showed a good red spectral response but also exhib-
ited scattering and nonuniformities. These early red re-
sponse holograms probably resulted from a lack of environ-
mental controls during that stage of this development.

7. Effect of sealing the hologram: An 1investigation
was made into the possibility of "freezing" or stopping
the shift back from the red to the green by cementing the
hologram using a sealer or a coverplate. Various types
of adhesives and sealers were used: spray sealer, one part
adhesive, fast setting epoxies, and slow setting epoxies.
In general, the holograms shifted back, but a few nanome-
ters less than the holograms that were not sealed or cemen-
ted. Although all of these sealers and cements have low
water absorption characteristics, they cannot be considercd
as perfect water barriers (Table 4).

8. Effect of hardeners after the gelatin films have
been swelled: A dichromate gelatin, reflection volume-
phase type hologram constructed with the 514 line of a
argon laser will normally start diffracting at higher spec-
tral wavelenaths (yellow-red) while it is drying and this
response will become greener as the hologram dries. The
"natural stopping" position of the spectral response peak
is related to the construction processing and ocelatin
parameters. Also, the more the holoaram swells or 1is
forced to swell with swellina agents, the hiagher the wave-
length or the stronger the response the holoaram will have
initially in the red. Ideally if the holodgram could be
"frozen" in this swollen state, a permanent red response
couvld be obtained. The attempts that were made at sealinu
or cementing the holograms in that state were not success-
ful. Another alternative was to harden the hologram in

3R
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TARLE 4 - BHOILOGRAM SEALERS
SEALER TYPL REMARKS
"A" Cement Potting Compound Good when used with a cover
aglass. Frosted firnish when
coated by gravity w,out
cover
"B" NL4190 Polvesterx Same as "A" Cement above
Coating
Resin
"¢ 2 ton Difficult tc work with;

clear cement

2 part slow
setting epoxv

viscosity causes tranped
air bubbles

Invisible I Polyurethane Frosted finish unacceptable;
Armor | Sealer not used with cover glass

T
Collodian Oranae Peel occurred; not

used with cover alass
Kryvlon Acrvlic Frosted Finish unacceptable
Clear | Spnrav Coatina
i

Lable Plastic Glaze Difficult to attain a flat
Glaze N _ uniform coating
E-POX-E 5 2 mart fast Difficult to work with:

settina enoxy

viscositv causes travpned
air bubbles
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this swollen state to rake 1t more difficult for it to ro-
turn to the normal state,

This attempt produced the best results, and o perm-
anent, stable red response was obtained.  The reveatability
and unitformity was aood but the quality was not yet accen-
table because of considerable scattering. This process
was developed further and was used in the production of the
final red holoaram assembled in the tricolor holoaravhic
Pancake Window (Table 2).

.

;

Construction of the Red Hologram with a Red Laser f
In a parallel effort with the develonment of tech- §
niques for producing a red holoaram with an araon lascr, )

experimpents were carried out to investigatce the feasibil-
ity of producing the red hologram with a red laser, spe-
cifically a krypton laser.

The basic problem was to achieve a photosensitization
process for the dichromate gelatin films which could be
used with the red laser lines, and with a sensitivity com-
patible with the available laser power. The normal pro-
cess of photosensitization with ammonium dichromate pro-
duces films whose sensitivity is relatively strong in the
blue, low in the green, and non-existent in the red.

Initial experiments. This investigation was started
by experimenting with a formulation for red vhotosensiti-
zation of ammonium,dichromate film which had been reported
in the literature. Basically, the formulation consisted
of the addition of an extra dve, methvlene green, to the
N photosensitization process. Two thinos were, nevertheless,

different: {a) the reported formulation has been used with
commercially available photoqramhic gelatin plates, and (b)
the holoaraphic ceometry used two separate wavefronts ecach
of which will be incident at the plate from an opnosite
direction. In this project the aeclatin films have differ-
ent characteristics than the commerciallv available films
nreviously mentioned, and the holographic dcometry reauires
that one of the two interfering wavefronts used in recordina
must pass through the film twice.

To separate the influence of these two different con-
ditions, the red photosensitization orocess was exactly
repeated as reported in to 0 literature and used withothu
same type of commerciallv available acdelatin film 64970
nlates. The geometry of heoloaraphic construction was
changed for the back mirror ceometry uscd In this nroiect.
With this adeometry, 19 the optical density of the nlate is
toe hiah, the wavefront vassine throuagh the nlate twice wiil

an
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After initial difficultices in repeatinag the carlier
results, the holourarms could not be simrultancously vro-
duced with hioh diffraction etfficiency and uniformity of
respoense., The soectral resoonse was red in some areas and
dreen or vellew in other areas.,  The vield of acod photeo-
sensitived »lates was poor and most of the olates had
crystallization which could not be removed.  Attembts to
decrease the orvstallation resulted in holograms with versy !
low diffraction efficiencies., Another undesired charac-
teristic of these red holoarams was a very wide spectral
resoonsce which made the nlates unusable as monochromar 1o
Tirrers for rthe tricolor mirror.

Further develovrent of the photesensitization nrocess
vroduced o Taran sive helearaphic nlate with gond red re-
Ssponse 1n the desired 620nm region, with good uniformity,
with rarrow bandwidtl, response but with very low diffrac- 5
tion «ffictiency, The ontical mirror resolution at this
stare of develorment wae comparable to or better than thoe
resolution obtained with the Yipal red holoaram produced
with the araon i1on laser.

The Investication with the kronteon laser was inter-
rupted f1nee the carallel offort in the :roduction of the
, Neleorar with the arceo;n laser was nrogressina fastor
ana Indicated a =shorter and mere secure annroach to the
successfal fabricatior of the red heloaram.

This incorntote Investigation (which was later re-
Aumed) Mas nar o vor noercitred g o comparisen of the optical
performancs of theso rirrors with the ones produced with
fHOe qracn laser. The rreduction of the red neoloaram with
e xrooton lassr o soeornd e e achievable but 1ts Justif-
1oabioen a5 oA rrrrer o8 bettor oot ical verformance ccould
peso b evatuated due s the e Timited quality and low

ffraction of Y 1elen ot Yoloagrars produced. The
ot real reerSorr anee 0 Lot e of mirrors need further
IR A P Choles o toanirar oaquolitye Yoeroa moeaninefal
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SECTTON [V

COUPLING OF THE HOLOGRAPHIC MIRRORS

Goeneral

The tricolor holegraphic beamsplitter mirror will be
vocomponnd Roloaram which will spectrally respond 1n three
solected ranges (blue, arecen, and red). These selectoed
ramaes have boen desianed to cover the visual spectrum in
Such aoway thatl maninum coverage without cross talk be-
twoeen colors is obtalnable,  Since the focal lenath of a
rologranhic mirrer is devendent on the wavelenqgth, the
mirror will nroduce color dispersion.  The color disper-—
slon 18 rodaced as the svectral response of the holoara-
chite mirror is made narrower.  That i1s the reason for B
usina three helocrams, cach with narrow spectral response, ;
rather than ore coverina continucusly the visible spectrur.

The recording of these three holograms could theor-
etically be made in the same holoaraphic film or irn sep-
arate films. 2lso, they could have the same focal lenath
if the three holograms are in the same nlanc or have the
sare focus (in the Pancake Window confiocuraticon) althouah
vhvsically separated.

Exreriments were carried out to covaluate different
anpreaches.,

Pxperimental Fvaluation

Double exnosed helearam.  Two holograms could be ox-
vosed in the same film oand the third hologram produced sc
it crould be comonted film te T1lm. The three holoarams
will then be practically in the same plane (within 100nm) .

The theory for olane holograms predicts that the dif-
“racticn efficiency in a multinle exvosced holoaram will be
inversally nronertional to the square of the number of hele-

rars rocoervded., For the volume-rhase tvpe holeoarams usod

in this nroject, the oxporimental results have demonstrated

rooch hilaher diffraction efficiencies. Tt seems nossible

that o asat e heloorars could be rroeduced, i

wee dLfforont technigues could be used:

s)
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e =
standard way, sav for o regpoensce in o the Blue.

hoelocrar has been tostod and accovted, 1t 1
sensitized (and avovarently Tosina the blue
ans holosraphic reavonsc) and 18 oxnesed !
lencth, say the arcen. When the helooram 1
and dried, not only tho green response but
Llue respense 18 present in the holoarar,
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that the
separated
that

can o casily

Anothor uroblor 1=
d Strorng sunnort
vlastic defor
coated gelatin

gelatin i vory britrle and
from the alass or nlastico,
th 1€ the plastic substrate is choson,
will be necessary to aveid a shrinking or
mat1on vroduced durina the dryving of the

S

f1ilm. The strong sunport is alse neceded for mechanicald

stability during the eoxposure of the film and durinag cov

opment and dryvino.  Also, the acdhesion of the aelatin 71
4 to a nlastic substrate durinag the entire holoagranhic pro

1S not aood the adhesioen to 1lass substyate

nless tho plastic surface has been spoeclally treated or

Coss as as I3

it 15 prevented from shrinkinag, eoxpandinag or changinoe 1ts
flatness.
2. Two films and one <ubstrateo: With this tech-
riigque one of the holoarams 1s oroduced and tested in G
standard way., 1f accevtable, the holoaram i1s scaled by
comenting to the film a secaler or a very thin wlastic. 171
this sealer is water and humidity proof, this hoeloaram will
sorve as a substrate for the nroduction of a4 ccocond holo-
irar, and o onew film will be coated over the insulation.
This tochnique has alsce been shown foasible. How-
oo, cantiop pust be taken to select o nlastic that 1=
_ ctratnfroe and will not chance the state of pelavization
. Aaf the Tascer illurinatina lioht durina the exoesuare of the
i Felooran falso, a nlastic that is =trained or has bire-
\ rinconce cauld not be used in the Pancake Window
: confiouvration) .
‘; .
Tew oliminate this lTatter nossible crobler a variation
Y othis techniaque 1s suagested:  The olirination of tho
nlistice and the use of only a scealant coment.  Thi=z
Gl et e sinsler and more practical solution nrovidiea
A s=oalant 15 found with water absorontion low eonoush $0 Droe-
et oany deterioration in thoe sianal ~f the comented holo-
crar, The sealant coments tried thus Yoar and ment loned
coartier it Section 1D = (Construction of the Red Holooarar)
e et beeem bt ol ly sucecessfal, o With this techniaque, a
: cobesorartiie il will o be coatoed over the sceoaler cemeont
' Fohsl grar produced with oa difforent facal denath,

vproeviously is o elimninated, Fxvorimentally this techriaue
was shown Yeasible and was chosen (hut not finally 1o le
mented) for the producticeon of the tricolory window (Fleoare
This techniague has not been comnlotely testoed, and
1nltial problers have been found.,  One vroblen has beoeon

broeav whie

12 povloed afF o oagnd the twe taleer g o separated l?‘_,' IEEERALES N
thin lavor of copwept. The thitra holoorar s finally coren-
toed celatin to oo bt (Pieare kB

One vartation o this techoigue 1= 1o produce one holo-
arar pot o with o alasye substrate but with a supportoed Dlex-
thle »lastio, I this way the first oncrationg describerd

5.

s
LIS S

Ir

’




- OREEN B0 0GPRM

MAGTED mpRDOp

i GO AT T
i /
-
o
! - i

L ELUL HOLOGRAN

- : .
! — J !
- |
i W, iy 07
! PR o
l eGP AT .
P
: TS T e
y\
f " <
IR
" +
| -
|
e -
¥
§ i
4 ’
;~ [ “y 1
' Y, !
- |
1 ; .
o
"[
ERTIGINGE A .
fig |
. . L , . o
L
;




r adagd

3. Sewmarate holograms with different focal lenaths:
Two of the three holograms could be cemented gelatin to gel-
atin and the third cemented to this wair. This third holo-
cram will have a focal lenagth longer or shorter, depending
on the distance of the gelatin films. With this arrang:ment
the three holograms will have a common focal plane if an
object is placed in this focal plane, the three holograms
will simultaneously collimate or display the object at
obtical infinitv, If the object is outside the focal plar -,
the maanification and the position of the images will not
be coincident and color separation will be observable.

This last technique, althouagh not the preferred onc,
was implemented for its simplicity in the production of
the first tricolor hologravhic Pancake Window.




SECTION V

PRODUCTION OF THE BLUE, GREEN, AND RED HOLOGRAMS

Construction Geometry

The three holograms {blue, arecn, red) were construc-
tod using the same basic geometry and using only a single
laser (Fiaure 16).

The laser is a c.w. araon laser with an all-lines
power of about 20 watts and useful TEMoo of about 4 watts.
This reduction is caused by the selection of a single
laser line (which will reduce the total power in half for
the 51l4nm or 488nm line) and the use of an intracavity
ctalon to provide the coherence length necessary for the
construction geometry.

The laser is in a separate room, adjacent to the room
in which the plates are exposed, to achieve better insu-
lation (details are described in Apmendix A under "Holo-
araphic Facilities").

The basic construction geometry, called the "back
master mirror acometry" consists of illuminating the holo-
graphic plate with an expanded laser beam which begins di-
veraing at a spatial filter. This divergent laser beanm,
partially transmitted and partially absorbed bv the holce-
aram reaches a spherical aluminized mirror which has a
center of curvature coincident with the spatial filter.
The light reflected by this "master mirror" becomes con-
vergent toward the center of curvature and interfercs with
the divergent beam at the holoaraphic film plane producina
the hologram. The interference of the two beams 1s the
basic requirement in constructing a spherical holocoraphic
rirror. The distance between the spatial filter and the
hologravhic nlate will equal the radius of curvature of
the holoaravhic mirror if the reconstruction and construc-
tion wavelenaths are the same. If they are different, the
radius of curvature must be multiplicd bv its ratic
(BEquation 1).

The "pastor mirror” i=s an aluminizoed alass nirror
1 inch thick with an averature of 40" x *8" and a radius
of curvature 7 4+ inches, This mirrveor 1s vlaced in a box
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with sand and floated on air tubes. The same floating plat-
form supporting the box with the mirror also supperts the
horizontal wet cell (Figure 17).

The horizontal wet cell consists of a base or sup-
porting glass 1 inch thick placed over, but not in contact
with, the master mirror. A high-efficicney anti-reflec-~
tion (HEA) coated alass 1s cemented to this plate at the
side closest to the mirror. At the other side there is a
reservoir structure which contains the holographic plate,
which will be immersed in a liquid of appropriate (about
1.51) refractive index, and a cover plate with a HEA coatindg.
In this way the hologram-air interface 1s limited by HEA
cecatings, and the inside surfaces of alass and celatin arc
matched optically with the liquid. The purpose of the wet
cell is to eliminate multiple secondary reflections between
the holographic plate and the master mirror and also be-
tween the surfaces of the holoaraphic plate. These secon-
dary reflections could produce multiple holograms and a
degradation of the optical performance of the holographic
mirror,

The distance between the wet cell and the spatial
filter was changed for the nroduction of each hologram
(figure 16). The focal length of the cornstructed hologram
is calculated as half the distance between the spatial fil-
ter and wet cell multinlied by the ratio of the construc-
tion to reconstruction wavelengths (Eguation 1).

Holographic Film Characteristics

The gelatin films are coated on a 1/8-inch thick
24-inch by 21l%-inch glass substrate with a "aravitation”
technique and with a formulation develobed prior to this
project.

The formulation, environmental parametors and brocess
arc varied and/or calibrated according to tie desired
characteristics of the hologram and of the wavelenath shifr
between construction and reconstruction.

Production of the Blue Hologram

The sroduction of the bluce holoaram was the first at-
tempted and is the only one in which the wavelonoth of ro-
construction was designed to be the same or very clese to
the construction wavelenagth.

The 488nm line of the argon 1on laser was used, and
the stability of this line was checked and exnorimentoed
with. I'n aoneral, this Taser line 1s not as stable as the
S1dnr areen line, but has the advant age that the armoniur
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dichromate tilm has a sensitivity about five times higher
for the blue than for the groeen, Conscauent Iy, the eoxposuar
times for the blue holoarams were much shortery than for tin

green.,

The horizontal wet coell was ariginally cailibrated to
nroduce a holoaraphic mirror of 35.5~inch radius of curva-
ture and the hologram was exposcd 5.5 inches frop the
spatial filter.

The humidity durina this time of vear was puch hichor
than normal, and thus 1t was not always possible v control
this c¢nvironmental paramoter. As o result, most of the
plates responded not at 488nm but at a wavelenoth oloser
to 170nm. Several nlates were made, neverthoeless, with
the response at the desired value of 488nm.  One oof trheo
nlates was permanently cemented to a grecn hologram 8 ] -
most identical focal lenagth (17.75 inches) and the hicolor
holegram was analyzed for performance in o Pancake Window
confiaquratiacn.

The performance of this bluce-arcen holoaram was o=
sidered good, Lut it could not be used in the final tri-
color holograr due to the impossibility of producina o
red hologram of the same focal length. This was causcod
b the physical restriction of not being able to obtain
a «ilstance of 42.6 inches from the center of curvature of
t''v mastrr mirror to the smatial filter. At this dis-
tar.~o, when constructed at 5Sl4nm, the hologram will have
a foral length of 17.75 inches for a response at H20nm,

The alternatives were as follows:

1. Use the aoriaginally desicned vertical cell (whiern
vroved by this time to be unstable).

2. Modify severely the horizental ceoll aeoreer,
shorteninag the dimension of the l-i1nch thick bhaso o ote o
allow 1t to o Inside the saaitta of the »oaster mirror.

. Chanae the Yosoaranh i Coca ]l Tonet !t sracrfroat 1ons
frev 17075 inches too 17 1rnches.,

This last altornative was Shoeser and the yvesd ooy
was constructod tat S hdnm) gt r bt anee b G E anehios
from the soartial Srlter st ad o 3200 Tnebe s winn ch was
regulired for tho 17770000l Yacal benotin s Thie cde
Trehien was tre poamiral dlet e s et b e T b
vlaced Wit rosire e e b st SR I B B R IR SR S RO IS EE v
SUrVAL Yo ol e st e

The ol g 1 anocr et e it s e vt oo of
crher Blue Solorirar s Wit o bl et 1T Iachies an-
stead T 0T Tl o et w0t et aadnm, By
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Byothls time the humidity was much lower than when the 17.75
inch holoagrams were made with the result tnat the response
of this blue holooram was now around 500nm, very cliose to
the response of the green holoagram that, for other reasons,
was lower than oriainally desianed,

One of the carly oxperimentally produced blue holoarams
had a peak spectral response at 468nm. Although the wave-
length was much lower than it was desianed to be, the focal
length at this wavelength was exactly 17 inches and a good ]
ratch for the red holeocaram. This blue hologram was cemen-
ted to the selected red hologram corbininag two of the threoc
mirrors required for the final tricolor hologram.

Proaduction of the Creen Holoaram

The production of the green hologram followed produc-
tion of the first blue holograms. The areen hologram
focal lenath was intended to match the focal lonath of the
blue holocram. Owinag acain to humidity, he areen holo-

oA

arams were resnonding at a lower wavelenatt, {(540rnm)
Vltimately, holograms were nroduced ar 555nm and matched
with the blue hologram. The first bicolor holoarar was
assembled with these holoorams and had a fccal lenath of

17.175 inches.

When the deometry was chanaed to accommedate the nro-
Jduction of the red holocram, the wet cell for the arcen
hologram should have been placed at 36,71 inches from the
sratial filter since it was to be exposed with the 51dnm
iz and was to have a focal lenath responding at 555nm.

I+ hanpened however, that with this configuration the
scecend reflection (between the wet cell and master mirrcer)
Yocused at the holoagraphic olate, nreducinag an intolerable
osretic defect. To avoid this defect the focus of the
zecond redlection must be moved at least 1 inch from the
nlate and since it was decided not to move the plate or to
ange the 17-inch focal lenagth, the areen response wave-
fonath would have to be moved from 555nm to ceither 570nm
cro hd0nm.*  The 540nmwavolength nosition was chosen to ro-
drace the distance from the blue resvonsce which was much
lower trhan was desirod.

Wien the final arcen hologram was to be nroduced,
e mumidity had acain chanaod and was very low {(winter
rdiitions) resultinag in orceen holoarams with a hiah, wave -

4

Voot rosuonsc (565nm) . The holoayarhic Tacilitics wor
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desianed to be clean rooms with temperature and humidity
controls. The alr intake and "rake-up” was commmon to

all rooms to obtain a constant environment during the holo-
aravhic process.  Rut, this large volume of air which was
constantly vxchanaed as a reaguirement for the clean rooms
became too much for the humidifiers and/or dchumidificers
when the relative humidity of the intake alr was very dif{-
ferent than the relative humidity reauired in the labora-
tory. These extreme corditions unfortunately occurred
during the production of the final holograms so that in
order to obtain the green hologram with the desired wave-
length response it became necessary to process the filmp
(before exposure) 1n humidity controlled improvised booths.

The final three heolograms were desianed and produced
to be assembled in the same plane (substratc) by means of
a "mechanical transfer" oroccdure. This procedure was not
implemented (because of pnrogram limitations) and tho holo-
grams were instead assembled with the red and the blue in
the same plane but the areen scparated bv a 1/8-inch alass
substrate. Consequently, 1t was necessary to modify (by
redeveloping) the focal lenath of the areen holoaram to
compensate for this semaration.

The green hologram ended up with the best resolution
of the three. It had small cosmetic defects produced dur-
ing the redeveloping in adjusting the focal lenath.

Production of the Red Hologram

As noted previously, the production of the reod nolo-
gram presented a challenge during this proaram. Initiallwy
agood results usina the 514,5nm line of the argon ion lascor
for construction could not be repcated, so the 647nm line
of the krypton laser was chosen as a possible alternative.
After further investigation of both annroaches, the nro-
duction of the red hologram with the argen ion laser scomed
to be achievable sooner and became the scelected final
anproach.

The first red heolo~vams nroduced in this scocond at-
tempt wore processed differently, in that the holoarams
aftor beina exposced were swollen considerably usina trieth-
anclomine and then hardened before beinag dehyvdrated.
Hardeners investigated were rapid fixer, aluminur sul-
fate, chromium sulfate, and notassium chromium sulfate.
This nrocess oroduced a vermanent swellina in the holo-
grars and conscequent 1y vroduced a stable soectral response
in the reod,

As a consecquence of this processinag, chemical nre-
cipitation occurred in the gelatin causing considerabloe

- ER i R el
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scattering.  To eliminate this scattering, the process was
adjusted producinag vrecipitation just over the surface 7
the gelatin. This could be mechanically removed elimin -
ating all obscervable scattering.

A problem still remained, however, 1n that these red
holograms, although peaking at the desired wavelenath (620nm),
had tuo wide a resmonse (over 50nm) and produced dispersion
effects with consequent image degradation.

When the holoagram was o' lowed to resohond at lower ;
wavelenaths (600nm), the response became narrow encuch
to e useful. It was also observed that the swnectral
broadeninag affected the image quantity (resolation) very ‘
severely of f-axis but not significantly on-axis.

By further adijustinag gel hardness and chemical concenrn-
trations, the spectral bandwidth was finally reduced to
30nm at the half-heiaght for a wavelenath peak of 620nm.

The resolution still deteriorated considerably off-axis
and was much worse than the resolution of the areen and
the blue holograms.

To produce the red holouram, the base nlatce of the
horizontal wet cell was lowered to the noint of almost
touching the master mirror. At this vnosition the holo-
agraphic nlate was at a distance of 40.& inches from the
spatial filter or center of curvature of the master mirror.

Constraction paramcters for the three holoaraphic
mirrors are agiven in Table 5.
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SECTION VI

ASSEMBLY OF THE TRICOLOR HOLOGRAPHIC MIRROR
AND PANCAKE WINDOW

Mirror Asscombly

Fach of the three mirrors was measurcd for spectral
response and focal lenagth.  The spectral response was
determined photometrically measuring the reflection from
the mirror of a monochromatic source. This source was a
monochromator with a resolution of 2nm.

The radius of curvature of the mirrors was measured
monochromatically and with a white light source. In both
cases a small point source was moved away or toward the
mirror until its reflected point image was at the same
plane as the source.

The mirrors were initially assembled "dry" and the
reflected image of a 1951 USAF resclution chart was cbserved
for color rendition and superpcsition of the color images.
When these were acceptable, the mirrors were aligned and
cemented permanently.

The cementing structure consists of a platform which
will sunnort one of the mirrors. This platform is raised
and surrounded by a container structure which will col-
lect the excess of cement and also support the alignment
screws. Above this nlatform and at the focal plane of
the mirrors is a long fluorescent tube, all blackened
with the excention of three crosses, one at the center
and the other two svmmetrically placed from the center
and separated by 16 inches.

While the cement 1s still very fluid, the second hole-
aram 1s placed (with cement) over the immobile first one,
and is translated with the alignment screws until the
twe color crosses are sunerimposed and the two colors fuse
in a color combination.

The red and blue holograms were cemented first, agel-
Atin to gelatin., The red holocram, which was the most
diffienlt tn nroduce, dictated the matchina focal lenath
for the mnther two holograms.

—_———— .
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Aconsoquence of this new contianrat ton |

Cothe e liminat bon
O rwo cover glasses with antireflection coat lngs, bl
ermanent  alignment of the solariver o lements and the olim=
Pt ion of unwantoed reflections boetween the throo clomonts
crotbhe classioeal Pancake Window sestem (Ploaure 20

¢ oa=senble the holographic Pancake Window system

Lt vrincipal elements was vroparcd sceparatel:,
iriver materials were seamed, strotched, and core-
oocach of the two cover nlate alasses which have a

Sl o icleney antireflection coating. A SN was necos-—

Poocanse of the restricted width of the nresently avnil-
Cooaarloery materials, The polarizers were cut and
coco b bhe aglass olates in such a way that when as-
Pancake Window conficuration, the volariza-
w1l o bhoe orossed,

k : 1t 15 o plane beamsnlitter mirror.  This
carmn it ter 1s 1 78-inch thick and has a multilayer coating
Lororeflection of about A0 nercent when it is cemented

g ! x 0f rofraction, and a trans-

: ateel thoe same value.  The absorption
Dlane beamsoiloter 1s less than 2 percent. Cemeli-
aohoride 18 vt or-wave nlate birefringent ma-
The auarter—woare nlate raterials are alianed with
i; rotardation ax poeroendicutar to each other and at

A 45T arale te the Tiroear axis of the polarizors.  Thesco
vuarter wave slate materials must also be scamed.
ar sclected beoanalyveoine thoeilr retardance ard vairi
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p the olements horina the cleosest alues, and closost to

t B0 f rorardation.
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2 those olerents bhave ber prevared, Includine the

' dearashiic tricolor mivroy, they ars assembled and photo-
corrically galioned to o obtain a minirur reading for the
Croanscitted onwanted lieht that i supnosod to be sun-
pryessed byothe volarizers,
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stectral o somnroco, the et ral o responsae
PR cCler bBelonrrarss nost Lo chosen to mavimize the
iy
;
_ e g ———

The transmission values were: monochromat o rod enr
transmission, 0.44 vercent; monochromnatlic arccn veak tyone -
mission, 0.76 percent; monochromatic blue peak transmiseior
0.25 percent; and white-light transmission, 0,125 oercent,
These values departed considerably from the design values
because of the effort to match the focal lenaths and be-
cause of time and fundina limitations.

!

The reflectivity (diffraction cfficicney of the helo- '
araphic mirror) was not maximized to 50 pereent,  This 1s
not a technological limitation in the seonse that most of
the experimentally produced beamsplitters have o diffrac-
tion efficiency higher than 50 percent. However, for a
broad band spectral input, a reflectivity smaller than
50 percent 1s required to avoid double image (double speo-
tral veak) transmission,

2 i B

This happens because the Pancake Window will have a
maximum transmission whoen the reflectivities of cach of k
the two beamsplitters cquals 50 nercent. TFor lower or
higher values, the transmission will be lower. 1f the 4
spectral response of the beamsplitter is not flat and the .
reflectivity at the spectral peak is higher than 50 veoer- »
cont, then the Pancake Window will have a maximum trans- ;
mission not at the spectral peak but for the two points
in the snectral reflectivity curve whose values are 50
nvercent.  These double transmission peaks will nroduce d
loublinag of images (because of the focal lenath - waves
length devendence) and deteriorate the resolution of the
svysterm. Consequentlyv, and due to time limitations, the
holograms were produced with emphasis on avoildina thoss
problems and not on maximizinag the transmission of th
Pancake Window.

The three epectral oneaks devarted from the desianed
valurs ., When the transmission is measurced with relatieon
to the photopic visual resvonse, the values are abnormall:
low,  TFinure 1% shows how inefficiently tho nhotonio sneo-
tral roalon 1s covered by the three spectral neaks.,

With aoloaranhics mirrors havina beottor construction
vararcters, penochromaric transmissions over 1.2 noercent
and white llaght transmission cloger to 1 neorcent should bo

IR SSIAT AL RIS

Tn thye remochrornaric systeor, 1t will be regulred that
the anectral width of fhe source be ne arcater than the
spectral resoonse o the Lholoarams, Poer this area, the
transnlassion will be sipilar te that of the classiceal
Dancake Wirndow (1.0 noreo4) or Hiaber as we have oxpoer-
imentall moasared 1t oy white liaht broad band
‘ neopach of the
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Ve e cover thne s ctonie curve, A compromise must b i

Conde boetweon rooirenr coverage and widening of the o spoectyad
veak owhitot wi bl cpociase color disoersion, For o oa 305 bali-

peak o intensite b adw it i with the helograms apect ral

polKs contered ot eSS, and 600nm the photosic

arca will be coverees e abeat TN percent and the transmis- :
sion will be .7 w10y o nercont, !

Rosolut ton

[AAR TN

rosodiut Lo o boeen measured usine ponochromat be
e s ool whirr o=ttt 1 lamination., The roesaolution tar-

Lotowrs o UBAT 190 eesolution Chart nlaced at the fooal
tloare o the mirror or projected on oa scereen vlaced at
LR I o e, The 1mnage of the resolution chart was 4

Teewe sl Wit 0 3y maani fication telescope from the punil
i o looranhiie Pancake Window (Tables 6, 7, and 8).
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SECTION VIIT

CONCLUSTONS AND RECOMMENDATIONS

This project succeeded in demonstrating the feasibility
of producinag a hoelogravhic compound spherical beamsnlitter
nmirrer with full color resvonse. Furthermore, this hole-
araphic beamsvlitter vas incorporated into a Pancake Win-
dow display svstem as a rewvlacement for the classical
vlass spherical beamsplitter and its nerformance and
color capabilities have been demonstrated.

Solutions to certain nroblems were expected tc have
been achiceved prior te this effort. These problems in-
cluded the following:

1. The control ©f the monochromatic wavelenath re-
sronse wilith respect to its exact spectral position.

2. The srectral peak response stability.

3. The 1irprovement of the holoaraphic off-axis re-

sclution.

The fact that these areas were still unresolved required

“he cxnenditure of effort In these dircections early in

rhe vprcoaram, thereby reducinag both the time a-1 effort

avaliable to achieve the specific ccoals of this proaram.
e nreduction of a red hologram utilized most of the

nrocran's ¢ Tforts and Pecame critical in proving the feasi-

Bility of the project. Early rartially successful results

Tod te o false anvraisal of the overall difficulty of the

Sreb e,

rm

ir the crontext of desion ar 1s, all the basic preblems
Lot boo resolved with the exception of the rescluticn of
e Do locram which neods further development off-axis.
S ooy resclution of the red holooram was moro aprarent
SR SL R RS A vothe use of A bread band fluorescent source
Vil anate the Ay Torce resolution taraget.  This source
e oo roeroury line syikes whicoh enhance the resclution
b it and arceen holocrams, with reagard to coler dis-
“Ten, Lot ot the roa holooran,

sy oo riormance with o yosnect to some swecifica-

oo b vt ribaatedd tee oy nan e acturive oo libration




or short manutacturineg time, but not to basio o i
prob lems,
One of these shoecifleatbon aoals, thoe troanss e
ﬁ the Pancake Window was not Dimlted b inherost o ooy oo
i vroblems but 1ts very lTow vatue is due Lo Tow 109 pae1 g
C efflicrency and wronag bositioning of ti wpbopaat b e |
neak under the photontoe visual curve (Plonre 23000 U i
npoor characteristics {(which can be inproved witheot Sor- :
ther rescarch) were ignored in favar of aebilewvineg o o0 o {
: focal lTenoth patceh and comnleting fhe nyrodect witiiln o {
) reauired time framo, fAround 1.2 oo cent for poncelbrvorat io '
g sources and 0.9 nercent for broad band sourcos, dan was on-

nlained 1n Section Y'T7T), 1

Within the nresent state-of-the-art, it will be poo-
sible to nroduce a tricolor Holographic Pancake Windeow
wit

1 1

hoa white-llaht transrission of aporoximatcely 1 vercont,

The resolution of the red holoeorar rnecds oo b fonrosean,
and the relationshin betweon construction wavelenath and
resolution has still to be deterrined.,  The wave lernsth @i fe
rogulred usina the arcon laser is much areater Choan gsingo J
the krynton lascor, but the holooranbic nrocess s rore wi-
vanced for the areen wavelenagth of the aroon i10on las.or o
for the red wavelenath of the krynton lascor.,

Continued develorment de recommended o iroroere 0o
resolution of the red holoorar and to establish ooy o -

sible liritation in the ase »af the aracn or the mror s
laser to producoe thoe vod nalogram.

It 1s further roeconprcended that othoer triceleor vindows
be mades with the oresent rechneloo, aiving emphasis to the
quality of the nreduct, cspocially to wavelenoth peak pos-
iticon and diffraction efticicrney which will markedl 10-

a1

prove the transmission of the Pancake Window. Also, roc-
crrencded 1s the olimination f ceosrotic defects, oxact Jo-
cal loencth matchine, and comenting the three holoararie
Tiims without ans substrats seraration.

This new window could rrovide more orocisco cvaluant bon
darta for corsarison with o classical sosten to Lo rest
strinaent parametera.  Areas which will reoouirve Surthor
checsa T enment conld thiorn e pore aecarate Ty ot ab b iehiesd,

The holocrarhic facilitics Saaled v vyprorids mon-
Crelied cnvivenment (spocifieally humiditod i oy e

roere i entaide air o cnopdit e, T e et
Cord D T iers andd dehuridd Cier s woere noet st feient
ynci e b e Tayae e b [N IS SR T LS U SVREE SRNIUIES G SRR R 54
o, oo clal s hecmrme b s e e iy cires
TR TN




The commotl alr clveal iting sestem was deslagned g the

Sipplest o war teo achioye the same cnvironment inoallothe
vooms, but individual o syotems ot

"y
Mmendaead to rediee the volume of air which mist boe handle
Systoems.

cvach room are e reecor

1 1

with stoandard olean roon "alr make un'




APPENDLN A

HOLOGRAPITC FACILIT L

The holoaraphic Faci ity o Lot oot Lo o
Of the contractor’'s but ldites ., The throoe rmost 1monoert art
thinas which wore considerod in itas Jegian word:

1. Control of cenvironmental narareters (hupiires
and temperature) .

2. Clean room facilitic=,

3. Tnsulation from wibvrat o ond vodae

Fiagure A-] shows an overbhoead =obor 3f Lo ronye s s o
of the facilities. Tt 1s lmpoert it te ek bl o TE b g
there is a different raoom for coach G1 UV Torest oy ceas, 1
roons are clean roons of olass 15,000, oy all a4
same temporaturce and air humidit..

In the ontrance and office rooms, the orscrn. b oo
themselves to enter the clean roers. ATl £he alasa o
material 1is stored and precleanced 1n this roem,

The chemical room has the faciliticos and srace o
vrepare the gelatin solutions and for th Tast cleani
of the nlates which will be ceoated.  The coating b
this room is a class 100 hooth with contral Tor oy =reed
circulation, air temperature and ailv humidite, AT ae g

this reoom 18 a desitcooater booth which aloao o ol
arnd temperature conrtroln,

The next roon 1o cal fed the Taser yoer which 12 )
el for testinag and photoretric analvsis (anauiar o

wavelenath response of the heloaranhio plates),

Py
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with heaters, humidificr and dchumidificra. The rooms Have
temperature control which automatically paintalns the so-
lected temperature to +1 C. They have a humidistat which
automatically controls relative humidity by means of -
midifiers and dehumidifiers. They also have arn alr pnres-
sure control which automatically closes or opoens the o=
haust damper to produce a positive pressure inside theoe
clean rooms at all times (Flaure A-2).

Conditioned air is introduced in cach roor throudd, 999
percent absclute filters in the ceiling which will filter
practically all particles larger than 0.3mua. This air
will sweep throuah the rooms and return by the arilis
situated close to floor level and opposite the filters.
The return air is mixed in the ducts providinag ldenticeal
air guality for all the rooms. The normal exhaust air 1is
uscd to climatize the entrance room before beina exhausted
outside. The rooms also have indewpendent emergency ex-
hhaust syvstems in the hologravhic room, decvelownina rocm,
and desiccator booth. These exhausts are routinely usecd
to avoid unhealthy concentrations of veolatile chemicals.

A remote control damper will insulate the holocraphic
room to avcid any air circulation during holocraphic cx-
DOSUres.

The ccatina booth, Figure A-3, is a class 100 clean

booth (no more than 100 particles laraer than 0.3 micro-

meters per cubic foot). It has a rotatino table which

oncrates at 1 rom and over which is nlaced the nlate to

j be ceated. This booth has a cgermicide short ultravicolet
light, a heater, and a humidifier. Tt has a reservelr of
diztilled water and has two circulatine fans: one for
hih volume and other other for a veryv srall volume of
circulation. FEach of these fans i1s of continucusly vari-
able sneed. The booth can also be sealed from the air in

N the room.

This booth was fabricated of stainless steel and has
a cavacity for plates to 36 inches in diamotor.

neoe the glass plate 15 introduced in the becoth, it
is discharaed ~f anv static buildun by blowinag 1t with
dry nitrouen from a radiocactive antistatic oun.  Tho ailr
is circulating ar a maximur speced sweotina the bocoth clean,
After awhile, the hich velume circulation is roeduced, the
nlate 15 coated, and the coating cararcters are adrustoed
tev o obhtain f oo desived flatrness and hardness, Derondinag
on the aclatin caatin: sal tion formulation, Tlat plates
can be proedlhced in from 8 nours drving Cime o to 98 hours,
Afteor which the crowth of bacteria must boe aveilded,
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e Taser room bas an atr—cushiloned table o whiiet -
ot I =wat e bl -lines araon don laseor o oand s Pe=wat it g io
Drrees Coberent Radiat ion laseor, Yioaure A=-4, The 20— ot
NEETRR e ratedh wrth o oan etalon vrovides cdsont b

sinalo Tine TEMoo operation in the SHa.%mm fine or it
188, 1am tine. The oberation of the lascer is monitoyed
with o scanninag etalon whose output is disnlaved on an
cxcllloscopes The ctalon has o spectral frec range of
S0 M and the bar iwidth of the lascr line disolaved
15 around S0Mibry. The minimum senaration of the trans-
versal modes for the 20 watt laser 1o TOMH- . These lasiors
are water-cooled, and an exvansion tank 1s uscd to damben
vartations in water oressure.

“ Duc to the considerable noise and heat nroduced b

, the vower supply of this large laser, a pioncering teck-

L nigque of having the laser in a separate room adjacent to
the room which hins the holographic table woas successfal

used,  The laser beams are sont throuah a 0.5-inch diameter
tubular hole in the partition wall, In this wall, there
15 alse a conical visual port to permit obhservation of
the holooraphic table, and a port-lens system to disolay
interference frinages from vibration rmonitorina inter-
foronoters,

The holoarachic room is insulated with an oxtra wall
aof nolse-insulating material and a double, nvlon-cord su-
vendad celling,  The holocranhic table 1s a granite slab

<
18 inches @ 70 inches x 10 inches supported by air tubes.
The mirror, oricirally mounted on the table, is an alur-
ini-ed alass pirror with a 48-inch radius of curvature and
d0-1nch » 38-inch averture, Piaure A-5. The mirror is
damped at the supporting base and at 1ts back with small
plastic bags filled with sand (about 200 kg of sand).

The first exnerimental wet cell, used to eliminate
unwantoed reflections, had windows coated with hiah of-
ficleney AR alass which has a thickness of 378 inch. This
wet cell is uscoful for nlates with a maximum size of 24
inches « 21.5 inches, TPiaure 21.

Por stability reasons, the moster mirror and wet cell
ceoretry were modified to o the horizontal wet coll ageometry,

P, Floure 17.

; A Sl "heliup-neen” Taea 10 amed tooponitor vibra-
tion in the wet ceoll cr o in the s ivror a%tor the photosensi-
Filzoed plate 1s in placs oy v sore but hedfore 1t 1s

RS TSRTY TR IN

They docoloridnag reor oo o a0 demiineralived
; A

1

watoer whose tomeoratyye pe o oy o Dhead vo O The
b tank, o whit et can b e 8 e bt ey 36 Inches In
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